. Anal. Calcd: N, 5.23. Found: N, 5.11.
Condensation of 2,2-Dimethyl-3,5-heptanedione (12) with Isopropylamine. A magnetically stirred mixture of 1.55 g (0.01 mol) of 2,2-dimethyl-3,5-heptanedione (12) and 2.34 g (0.04 mol) of isopropylamine in 15 mL of benzene was treated dropwise either with 0.006 mol of titanium(1V) chloride (dissolved in 5 mL of pentane) or 0.03 mol of boron trifluoride etherate (dissolved in 5 mL of benzene). The reaction flask was protected with a calcium chloride tube. The reaction mixture was stirred for 1 h, after which it was poured into 150 mL of aqueous 2 N sodium hydroxide. The organic phase was isolated and the aqueous layer was extracted twice with ether. The combined organic phases were dried (Na2C03) and evaporated in vacuo to afford enaminone 13 in 67% (using TiC1,) or 87% (using BF3.Etz0) yield: bp 125-27 "C (15 mmHg); IR (NaC1) 1610-1560 cm-' (broad strong band, V C~) ; lH NMR (CDCl,) 1.13 (9 H, s, t-Bu), 1.22 (6 H, d, J = 6 Hz, Me2), 1.1 (3 H, covered by t-Bu signal, CH,), 2.26 (2 H, q, J = 7.5 Hz, CH,C=), 3.71 ( 
Reaction of Enaminone 2 with Sodium Methoxide in Methanol.
A solution of 50 mg (0.18 mmol) of enaminone 2 in 0.4 mL of 1 N sodium methoxide in methanol was refluxed for 1 h, after which the reaction mixture was poured into water and extracted three times with dichloromethane. The addition reaction of chlorodiphenylmethane with 2-methyl-1-pentene was studied kinetically in order to characterize the catalytic activities of ZnC12/Etz0/CHzC1z mixtures of different composition. The activity of the heterogeneous ZnC12/CH2Clz system is raised by 3-4 orders of magnitude when 0.5 equiv of ether are added. At certain intervals, -0.5 mL of the solution were drawn into a syringe containing 2-3 mL of concentrated aqueous ammonia and shaken vigorously to destroy the catalyst. The two phases were allowed to separate in the syringe, and the organic layer was analyzed by HPLC (NUCLEOSIL 5 NOz, 5-pm particles, isooctane-ether = 98:2 (v/v), 100 bar, flow 1.12 mL/min, detection at 254 nm) to yield the composition of the reaction mixture as a function of time. If NaOH was utilized instead of NH3, the Lewis acid was not quenched instantaneously as indicated by deviations of individual points from the concentration/time correlation.
As shown in Figure 1 , In [ 11 gives a linear correlation with time and the pseudo-first-order rate constant k,, can be evaluated from the slope of the straight line.
Results and Discussion
Homogeneous solutions of zinc chloride in ether can be obtained at 20 "C if the molar ratio Et20/ZnC12 is greater than 1.1. Solutions with a Et20/ZnC1, ratio between 1.1 and 1.5 are very viscous and their preparation requires several hours of shaking. Precipitation of ZnCl,, which takes place when solutions with a EbO/ZnClz ratio 5 2 are diluted with CH2CI2 a t room temperature, can be avoided if the ZnCI2-ether complex is cooled at -70 "C prior to the addition of CH2C12. All kinetic studies of reaction 1 in homogeneous ZnC12-Et20-CH2C12 systems gave linear In [ l]/t plots when 2 was employed in large excess over 1. A first reaction order of 1 is thus indicated. Similarly a first reaction order of 2 can be derived from linear In [ 3 ] / t plots, when 1 was used in great excess over 2. In both cases, however, the reaction order of the excess compound was smaller than 1 and decreased with increasing concentration. Therefore, k2 values cannot be calculated by dividing k,, by the concentration of the excess compound. Comparable pseudo-first-order reaction constants were usually obtained by keeping the concentration of the major compound constant within a series of experiments.
The Effect of Moisture. Reproducibility of Rate Constants. The effect of water in Lewis acid catalyzed reactions seems to be rather obscure. Traces of water have been reported to be necessary in some Friedel-Crafts reactions whereas the catalyst is destroyed by larger amounts of ~a t e r . l~,~,~ Quantitative data for the "water effect" in the zinc chloride-ether system were obtained by studying the rate of the model reaction (1) in the presence of definite amounts of water. Table I shows that water somewhat retards the reaction.
The effect of more than 4 mmol of H 2 0 was not determined because the mixture became inhomogeneous. Tables I and I1 shows that the addition of water causes a similar retardation as the addition of equimolar amounts of ether. We, therefore, conclude that replacement of ether by water in the zinc complexes does not significantly influence their catalytic activity.
Comparison of
These data furthermore indicate that traces of water cannot considerably adulterate the reaction rates in homogeneous ZnClZ/Et20/CHzCl2 systems. Consequently, we were able to reproduce the k,, values within *7%. Deviations up to *23% were observed, however, with ZnC12 from different batches though identical drying procedures have regularly been applied. Deviations of k,, values in different tables can be explained by that effect. Within each series of experiments, the same batch of ZnC1, has been used. Zinc chloride, prepared from zinc and hydrogen chloride in anhydrous ether,5 was 10% more active than the best commercial product used.
Variation of the Et20/ZnC12 Ratio. Table I1 and Figure 2 show that the rate of the model reaction 1, cat- was constant a t (2.25 f 0.15)10-3 s-l. A further increase of the catalyst total concentration accelerated the reaction.
Presently we are unable to give an unequivocal interpretation of these findings because of the multiplicity of complex equilibria conceivable in this catalyst system. Since tetracoordination is of great importance in zinc chemistry, the following equilibrium may play a central role.
24.7 mmol of 1 and 2.50 mmol of 2.
Our findings can be explained with the assumption that K is relatively small and that the tricoordinated complex ZnClz(EtzO) is the catalytically active species. On these premises, zinc chloride is almost completely tetracoordinated for [ 
These considerations rationalize that at EtzO/ZnClz ratios greater than 2 the reaction rates depend on the ratio Et,O/ZnClz but not on the absolute ZnC1, concentration. The zeroth order of [ZnCl,] over a wide range of concentrations can thus be understood.
If the ether/zinc chloride ratio is altered (e.g., Table 11) the relative importance of different complex equilibria changes. At low ether/zinc chloride ratios binuclear complexes, at high ratios, pentacoordinated complexes may become important. Equation 3 can, therefore, not be expected to cover the whole range of The mechanism of thermal decomposition of azoalkanes has been the subject of many investigations in recent years.
Much of the discussion has focused on the unresolved question of whether a synchronous, two-bond cleavage process (k,) or a two-step, one-bond cleavage process via short-lived diazenyl radicals (kf < k, + kd > k,) is operative (Scheme I).2,3 Neuman and co-workers4v5 have employed high pressure techniques to determine the volumes of activation for such processes and consider the latter to be a good mechanistic discriminator. They4,, found typical values of between +12 and +20 cm3 mol-l for a two-step radical formation mechanism, compared to values of between +2 and +5 cm3 mol-' for synchronous two-bond scission processes. Preliminary investigations in our laboratories6 on the pressure dependence of the thermal deazatization reactions of a series of tram-azoalkanes resulted in volumes of activation which fitted well into the two categories mentioned above, viz., CGH6N=NC(CN)?- 
